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$A$ , $A\cross A$ $B$ $A$ 2 , $(x, y)\in B$ $xBy$ .
$A$ 2 $B$ , Pl, P2 $A$ ,
$P3$ , $A$ .
Pl (RR\mbox{\boldmath $\theta$} ): $xBx,$ $\forall x\in A$ .
$P2$ ( |): $xBy,$ $yBz\Rightarrow xBz$ .
$P3$ ( ): $xBy,$ $yBx\Rightarrow x=y$ .
, , ,
$P3$ $x=y$ $=$ .
$X$ $F_{X}$ ,
$F_{X}(x)$ $;=P(X\leq x)$ .
1 ,
$\overline{F}_{X}(x)$ $:=P(X>x)$ .




, ,. (increasing concave ordering),. (hazard rate ordering)
2 .
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$21$ ( $\geq icv$ : ) $X,$ $Y$ ,
$X\geq;_{cv}Y$ ( $F_{X}\geq;_{cv}F_{Y}$ ) (2.1)
,
$f$ $E[f(X)|\geq E[f(Y)]$ (2.2)
. . $\square$
.
21 $X,$ $Y$ , $X\geq:_{Cv}Y$ ( $F_{X}\geq icvF_{Y}$ )
$E[(u-X)^{+}]= \int_{-\infty}F_{X}(v)dv\leq\int_{-\infty}^{u}F_{Y}(v)dv=E[(u-Y)^{+}],$ $\forall u\in \mathcal{R}$ . (2.3)
$(E[ lnin\{u, X\}]=u-E[(u-X)^{+}]\geq u-E[(u-Y)^{+}]=E[\min\{u,1’\}], \forall u\in \mathcal{R}.)$ (2.4)
.
2.2 (Cut Criterion) $E[X]\geq E[Y]$ . $u_{0}\in \mathcal{R}$ ,
$F_{X}(u)\leq F_{Y}(u)$ , $u\leq u_{0}$ , (2.5)
$F_{X}(u)\geq F_{Y}(u)$ , $u\geq u_{0}$ (2.6)
$X\geq icv1^{\nearrow}$( $F_{X}\geq icvF_{Y}$ ).
$22$ ( $\geq hr$ : ) $X,$ $Y$ ,
$X\geq hrY$ ( $F_{X}\geq hrF_{Y}$ ) (2.7)
,
$s,$ $u(-\infty<s\leq u<+\infty)$ \llcorner \check
$|\begin{array}{ll}\overline{F}_{Y}(s) \overline{F}_{Y}(u)\overline{F}_{X}(s) \overline{F}_{X}(u)\end{array}|=|\begin{array}{ll}P(Y>s) P(Y>u)P(X>s) P(X>u)\end{array}|\geq_{(2^{0}8)}$
$( \Leftrightarrow\frac{\overline{F}_{X}(u)}{\overline{F}_{Y}(u)}$ $u$ ) (2.9)
, .
$X,$ $Y$ , 22 .
2.3 ( $\geq hr$ : ) $X,$ $Y$ ,
$X\geq hrY$ ( $F_{X}\geq hrF_{Y}$ ) (2.10)
,
$u\in \mathcal{R}$ $h_{X}(u)\leq h_{Y}(u)$ (2.11)
, .
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2 $g$ $(: \mathcal{R}^{2}arrow \mathcal{R})$ ,
$\Delta g(x,y)$ $:=g(x, y)-g(y, x)$ (2.12)
, 2 $\mathcal{G}_{hr}^{0}$ :
$\mathcal{G}_{hr}^{0}$ $:=$ { $g$ : $\mathcal{R}^{2}arrow \mathcal{R},$ $\Delta g(x,$ $y)$ $x\geq y$ $x$ },
$=$ { $g$ : $\mathcal{R}^{2}arrow \mathcal{R},$ $\Delta g(x,$ $y)$ $x\leq y$ $y$ }. (2.13)
$(2.14)$
Shanthikumar and Yao [7] .
2.3 (Shanthikumar and Yao [7]) $X,$ $Y$ , 2
:
(1) $X\geq hr$ ]\nearrow ( $F_{X}\geq hrF_{Y}$ ).
(2) $F_{X},$ $F_{Y}$ , , $\hat{X},\hat{Y}$
,
$E[g(\hat{X},\hat{Y})]\geq E[g(\hat{Y},\hat{X})]$ , $\forall g\in \mathcal{G}_{hr}^{0}$ . (2.15)
3
3.1 2
2 . $X,$ $Y$
, , $X,$ $Y$ .
$w$ $\lambda_{X}$ $X$ , $1-\lambda_{X}$ $Y$ , ( )
$U(\lambda_{X})$ $:=E[$ $(w\{\lambda_{X}X+(1-\lambda_{X})]’\})]$ (3. 1)




$U’(\lambda_{X})$ $=$ $wE[u’(w\{\lambda_{X}X+(1-\lambda_{X})Y\})\{X-1^{f}\}]$ , (3.3)
$U”(\lambda_{X})$ $=$ $w^{2}E[u’’(w\{\lambda_{X}X+(1-\lambda_{X})Y\})\{X-Y\}^{2}]$ (3.4)
. (3.4) , $u”\leq 0$
$U”(\lambda_{X})\leq 0$ , $\forall\lambda_{X}$
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, $U(\lambda_{X})$ $\lambda_{X}$ . , (3.2) $\lambda_{X}^{*}$
: $\lambda$ ,
$U’(\lambda)\geq 0$ $\lambda_{X}^{*}\geq\lambda$ , (3.5)
$U’(\lambda)\leq 0$ \mbox{\boldmath $\lambda$} $\leq\lambda$ . (3.6)
, (35), (36) , $\lambda=\frac{1}{2}$ , $Y$ $X$ , ,
$\lambda_{X}^{*}\geq\frac{1}{2}$ $(\geq 1-\lambda_{X}^{*})$ (3.7)
$U’( \frac{1}{2})\geq 0$ (3.8)
.
, 1, $w=1$ .
3.1
$u’\geq 0$ , $u”\leq 0$ (3.9)
. , ,
$X\geq;_{cv}Y$ (3.10)
2 $X,$ $Y$ . $X,$ $Y$
, , $Y$ $X$ , ,
$\lambda_{X}^{*}\geq\frac{1}{2}$
, $u$ ,
$y$ $u’( \frac{x+y}{2}I\{x-y\}$ $x$ (3.11)




$y$ 1‘ , $u’( \frac{x+y}{2})\{x-y\}$ $x$ (3.13)
.
$X,$ $Y$ , ,
$X\geq icvY$ (3.14)




. $U’( \frac{1}{2}I$ :





$=$ $0$ , (3.16)
, $u$ (3.13) , $X\geq;_{cv}\tilde{Y}$ .
( ) $X,$ $Y$ :
$X$ $=$ $\{\begin{array}{l}bw.p.1-2px_{1}w.ppx_{2}w.pp\end{array}$ (3. 17)
$Y$ $=$ $\{\begin{array}{l}bw.p.1-2py_{1}w.ppy_{2}w.pp\end{array}$ (3. 18)
, $b$ ,
$0 \leq p\leq\frac{1}{2}$ (3.19)
$y_{1}\leq x_{1}\leq x_{2}\leq y_{2}$ , (3.20)
$y_{1}+y_{2}\leq x_{1}+x_{2}$ (3.21)






$U’( \frac{1}{2}I=E[u’(\frac{X+Y}{2}I\{X-Y\}]\geq 0$ (3.24)
. , $p(1-2p)$ , $p\downarrow 0+$ ,





( , $U’( \frac{1}{2})$ $E[\cdot]$ $pl$
).
$z_{1}$ $;=$ $\frac{y_{1}-b}{2}$ (3.26)
$z_{2}$ $;=$ $\frac{x_{1}-b}{2}$ (3.27)
$z_{3}$ $;=$ $\frac{x_{2}-b}{2}$ (3.28)
$z_{4}$ $;=$ $\frac{y_{2}-b}{2}$ (3.29)
, (3.20), (3.21)
$z_{1}\leq z_{2}\leq z_{3}\leq z_{4}$ , (3.30)
$z_{1}+z_{4}\leq z_{2}+z_{3}$ (3.31)
. $h$ $(: \mathcal{R}arrow \mathcal{R})$
$h(z)$ $:=u’(z+b)z$ (3.32)
, (3.25)





$(\Delta z:=)z_{2}-z_{1}=z_{4}-z_{3}(\geq 0)(\Leftrightarrow x_{1}-y_{1}=x_{2}-y_{2}(\geq 0))$ (3.35)
, (3.34) ,
$\frac{h(z_{2})-h(z_{1})}{\triangle z}\geq\frac{h(z_{4})-h(z_{3})}{\Delta z}$ (3.36)
, $\triangle z\downarrow 0+$ ,
$h’(z_{1})\geq h’(z_{3})$ (3.37)


















$y$ , $u’( \frac{x+y}{2})\{x-y\}$ $x$ (3.44)
. $\square$
3.2
$u’\geq 0$ , $u”\leq 0$ (3.45)
. , ,
$X\geq hrY$ (3.46)
2 $X,$ $Y$ . $X,$ $Y$
, , $Y$ $X$ , ,
$\lambda_{X}^{*}\geq\frac{1}{2}$
, $u$ ,
$x\geq y$ $u’( \frac{x+y}{2}I\{x-y\}$ $x$ (3.47)




$x\geq y$ , $u’( \frac{x+y}{2}I\{x-y\}$ $x$ $\eta_{D}$ (3.49)
. $g$ $(: \mathcal{R}^{2}arrow \mathcal{R})$





$X,$ $Y$ , ,
$X\geq hrY$ (3.52)
2 2.3 (2) ,
$E[u’( \frac{z^{Y}\iota+Y}{2})X]\geq E[u’(\frac{Y+X}{2})Y]$ , (3.53)
,
$U’( \frac{1}{2}I=E[u’(\frac{X+Y}{2}I\{X-Y\}]\geq 0$ (3.54)
.
( ) $X,$ $Y$ :
$X$ $=$ $\{\begin{array}{l}bw.p.1-pxw.pp\end{array}$ (3.55)
$Y$ $=$ $\{\begin{array}{l}bw.p.1-pyw.p.p\end{array}$ (3.56)
,
$b\leq y\leq x$ (3.57)
. ,
$X\geq hrY$ (3.58)
, $s,$ $u(-\infty<s\leq u<+\infty)$ ,





$U’( \frac{1}{2})=E[u’(\frac{X+Y}{2}I\{X-Y\}]\geq 0$ (3.61)
. , $p(1-p)$ , $p\downarrow 0+$ ,
$\lim_{p\downarrow 0+}\frac{1}{p(1-p)}U’(\frac{1}{2}I$ $=$ $\lim_{p\downarrow 0+}\frac{1}{p(1-p)}E[u’(\frac{X+Y}{2}I\{X-Y\}]$
$=$ $u’( \frac{x+b}{2}I\{x-b\}+u’(\frac{b+y}{2})\{b-y\}$
$\geq$ $0$ , (3.62)
,
$u’( \frac{x+b}{2})\{x-b\}\geq u’(\frac{y+b}{2})\{y-b\}$ (3.63)
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( (3.62) , $U’( \frac{1}{2})$ $E[\cdot]$ $p$
). $b,$ $x,$ $y$ , $b\leq y\leq x$ , ,




$X_{1},$ $X_{2},$ $\cdots X_{n}$ , , , $X_{1},$ $X_{2},$ $\cdots X_{n}$
. $w(\geq 0)$ $\lambda_{i}(\geq 0),$ $i=1,2,$ $\cdots,$ $n$ $X_{1}$
, ( )
$U( \lambda_{1}, \lambda_{2}, \cdots, \lambda_{n}):=E[u(w\{\sum_{=1}^{n}\lambda,\cdot X_{i}\})]$ (3.65)
,
$\lambda^{*}:=(\lambda_{1}^{*}, \lambda_{2}^{*}, \cdots, \lambda_{n}^{*})$
, :
maximize $U(\lambda_{1}, \lambda_{2}, \cdots, \lambda_{n})$ (3.66)
subject to $\sum_{i=1}^{n}\lambda_{i}=1$ (3.67)
$\lambda_{i}\geq 0$ , $i=1,2,$ $\cdots$ , $n$ (3.68)
2 , .
3.3
$u’\geq 0$ , $u”\leq 0$ (3.69)
. $n$ $X_{1},$ $X_{2},$ $X_{3},$ $\cdots X_{n}$
. $X_{1},$ $X_{2}$ , ,
$X_{1}\geq;_{cv}X_{2}$ (3.70)
, $X_{3},$ $\cdots,$ $X_{n}$ . $n$
$X_{I},$ $X_{2},$ $X_{3},$ $\cdots X_{n}$ , , $X_{2}$ $X_{1}$ | , ,
$\lambda_{1}^{*}\geq\lambda_{2}^{*}$
, $u$ ,
$y$ } $u’( \frac{x+y}{2})\{x-y\}$ $x$ (3.71)




$u’\geq 0$ , $u”\leq 0$ (3.73)
. $n$ $X_{1},$ $X_{2},$ $X_{3},$ $\cdots X_{n}$
. $X_{1},$ $X_{2}$ , ,
$X_{1}\geq hrX_{2}$ (3.74)
, $X_{3},$ $\cdots,$ $X_{n}$ . $n$
$X_{1},$ $X_{2},$ $X_{3},$ $\cdots X_{n}$ , , $X_{2}$ $X_{1}$ , ,
$\lambda_{1}^{*}\geq\lambda_{2}^{*}$
, $u$ ,
$x\geq y$ $u’( \frac{x+y}{2})\{x-y\}$ $x$ (3.75)
( $\Leftrightarrow$ $b$ , $z\geq 0$ , $u’(z+b)z$ $z$ ) (3.76)
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